For Homo sapiens, inclusive fitness theory goes well beyond 'kin'. As William Hamilton hypothesized, genes can increase the probability of their own survival by bringing about the reproduction of not only family members with whom they share copies, but also of any individuals with whom they share copies. Research with Hamilton's theory on people is less well known and remains controversial. This review shows: (1) spouses and close friends assort on blood groups and that similarity predicts fertility; (2) twin and adoption studies find genes rather than upbringing cause people to positively assort; (3) phenotype matching is more pronounced on more heritable items within sets of homogeneous traits; (4) bereavement studies find grief is greater following the death of a more similar co-twin or child; (5) studies of face perception find people prefer and trust those who look like them; and (6) DNA variance within and between ethnic groups is equivalent to that within and between families.
INTRODUCTION
Kin-selection theory predicts that animals increase their fitness by allocating more cooperation to kin than to non-kin. Hamilton (1964) showed that altruism (or, conversely, reduced aggression) is favored when rb -c > 0, where r is the genetic relatedness between two individuals, b is the (genetic) fitness benefit to the beneficiary, and c is the fitness cost to the altruist. However, to benefit kin over non-kin, altruists must be able to detect genetic relatedness. Mechanisms proposed for this to occur include familiarity, imprinting on self or others, and innate feature detectors that work in the absence of learning.
Studies show that many animal species do recognize kin and act accordingly. In a classic study of the sweat bee, Lasioglossum zephyrum, Greenberg (1979) bred for 14 degrees of closeness to a guard bee, which blocks the nest to intruders, and found a strong linear relationship (r = 0.93) between passing the guard and degree of relatedness. In a classic study of the frog, Rana cascade, Blaustein & O'Hara (1981) separated tadpoles before hatching, reared them in isolation, and found they later spent more time at the sibling's end of the tank. Belding's ground squirrels (Spermophilus beldingi) are a promiscuous species that produce litters that contain both full-siblings and half-siblings. Yet Hauber & Sherman (2001) found that, even though they have the same mother, share the same womb, and inhabit the same nest, fullsiblings fight less often and come to each other's aid more. Plants too prefer kin. Dudley & File (2007) found that when sea rockets (Cakile edentula) share soil with non-relatives they have to grow additional roots to ensure water and mineral nutrients.
Kin recognition is also required for inbreeding avoidance and assortative mating, which occurs in plants, insects, birds, and mammals (Hauber & Sherman, 2001) . Even in species that disperse, offspring show aversion to mating with close relatives. Some primates show paternal kin recognition even though identifying paternal kin is more difficult where females mate with several males (Widdig, 2007) . An optimal level of outbreeding is shown in studies of zoo animals, where lower fitness accrues to offspring of distantly related individuals, perhaps due to the break-up of co-adapted genes (Edmands, 2007) .
GENETIC SIMILARITY IN HOMO SAPIENS
The existence of evolved mechanisms for assessing genetic relatedness is less well known and more controversial in humans. When Hamilton (1971) applied his theory to H. sapiens, he showed that genetic relatedness, r, equated to Wright's (1951) FST measure of within-group variance (typically r~2FST). Citing an experimental study of a semiisolated group of mice in which even random mating produced an FST of 0.18, or r = 0.31, Hamilton concluded that the within-group mice should treat 'the average individual encountered as a relative closer than a grandchild (or half sib) but more distant than an offspring (or full sib), referring to an outbred population ' (p. 77) . He extrapolated the finding to human population groups and deduced that co-operation between 'non-kin' would facilitate the growth of male coalitions and make warfare 'a natural development from the evolutionary trends taking place in the hominid stock' (p. 79). Subsequently, Hamilton (1975) made it explicit that altruism could result from any degree of genetic relatedness. He wrote, 'Because of the way it was first explained, the approach using inclusive fitness has often been identified with 'kin selection' . . . as a way of establishing altruistic behaviour by natural selection. But . . . kinship should be considered just one way of getting positive regression of genotype in the recipient, and that it is this positive regression that is vitally necessary for altruism. Thus the inclusive-fitness concept is more general than 'kinselection ' (pp. 140-141) .
Applying Hamilton's theory to human dyads, small groups, and even larger ones, Rushton, Russell & Wells (1984; Rushton, 1989a) dubbed their application 'genetic similarity theory'. They proposed that people maximize their inclusive fitness by marrying others similar to themselves, making friends with and helping the most similar of their neighbours, and engaging in ethnic nepotism. As the English language makes plain, 'likeness goes with liking'. Although kin-selection theory sensu stricto does not explain positive assortative mating because individuals seldom mate with 'kin', the literature shows that spouses and close friends are highly similar, most on sociodemographic variables such as age, ethnicity, and educational level (r = 0.60), next most on opinions and attitudes (r = 0.50), then on cognitive ability (r = 0.40), and least, but still significantly, on personality (r = 0.20) and physical traits (r = 0.20). But, as Thiessen & Gregg (1980) asked, is the assortment due to genetic mediation, to shared upbringing, or to other environmental effects? Does it vary positively or inversely with the heritability of its components? OPTIMAL OUTBREEDING AND BLOOD GROUP STUDIES One study found women prefer the bodily scents of men with genes somewhat similar to their own, and not those of men with nearly identical genes or with genes totally dissimilar to their own (Jacob et al., 2002) . Each woman's choice was based on the human leukocyte antigen (HLA) (i.e. the basis for personal odors and olfactory preferences) inherited from her father, but not her mother. In a study of 1000 sexually-interacting couples of north European appearance (judged by photographs), those who produced a child together were 52% similar with respect to ten blood groups [ABO, Rhesus (Rh), MNSs, Kell, Duffy (Fy), Kidd (Jk), and HLA], whereas those who did not produce a child were only 43% similar (Rushton, 1988) . On the same blood loci and from the same population, pairs of close male friends were significantly more similar to each other than were randomly matched pairs from the same sample (Rushton, 1989b) . Such blood group differences are sufficient to identify more than 95% of true relatedness in paternity disputes. A significant positive association between kinship and fertility was found by Helgason et al. (2008) in a study of all known couples of the Icelandic population born between 1800 and 1965, with the greatest reproductive success being found in couples related at the level of third and fourth cousins.
TWIN AND ADOPTION STUDIES
Twin and adoption studies demonstrate a moderate to strong genetic contribution to people's tendency to socially assort and match phenotypes. Heritabilities can be calculated from the comparison of monozygotic (MZ) twin pairs, who share 100% of their genes, and dizygotic (DZ) twin pairs, who share 50% of their genes. For example, Rowe & Osgood (1984) analysed several hundred adolescent MZ and DZ twins and found those genetically inclined to delinquency were also genetically inclined to seek out similar others as friends. The association between friendship and delinquency was 60% heritable. Iervolino et al. (2002) examined several hundred pairs of siblings from adoptive-, step-, and twin-families and found that MZ twins had more similar friends than DZ twins who had more similar friends than step-and adoptivesiblings (i.e. who share only environments). Averaged across measures, the genes accounted for 40% of the variance. Rushton & Bons (2005) studied several hundred MZ and DZ twin pairs along with their spouses and best friends on questionnaires measuring personality traits and social attitudes. They found: (1) friends and spouses were approximately as similar as siblings (r = 0.25), a level of similarity not previously INCLUSIVE FITNESS 9 recognized and (2) MZ twins chose more similar friends and spouses to their co-twin than did DZ twins. The heritability of the preference for similarity in social assortment ranged from 17% to 35% for spouse-spouse, friend-friend, and spouse-friend comparisons and, when corrected for attenuation due to measurement unreliability, 34% for all relationships. Guo (2006) found that with measures made of cognitive ability and personality, friends of MZ twins were significantly more similar to each other (r = 0.47) than were the friends of DZ twins (r = 0.26) or other full siblings, who in turn were more similar to each other than were random pairs from the same sample (r = 0.03). These results indicated a heritability of approximately 50%. In a study of 1800 twins, Kendler et al. (2007) found genetic influence on choice of peer-group increased with age, rising from 30% at 8-11 years to 50% at 15-25 years.
PHENOTYPE MATCHING STUDIES
Hamilton (1971: p. 77) noted that more heritable components within multifarious traits better reflect the underlying genotype. In line with Hamilton's prediction, research finds that social assortment is more pronounced on the more heritable components measured within sets of homogeneous anthropometric, cognitive, and social characteristics. For example, Russell, Wells & Rushton (1985) , in a study of married couples, found that, across 36 physical traits, spousal similarity was greater on attributes with higher heritability such as wrist circumference (71% heritable) than on attributes with lower heritability such as neck circumference (48% heritable). On 54 indices of personality and leisure time pursuits, found that spousal similarity was greater on items with higher heritability such as 'enjoying reading' (41% heritable) than on items with lower heritability such as 'having many hobbies' (20% heritable). On 26 cognitive ability tests, Rushton & Nicholson (1988) found that spousal resemblance was greater on the more heritable subtests from the Wechsler Adult Intelligence Scale and the Hawaii Family Study of Cognition. When spouses assort on more heritable items, they report greater marital satisfaction (Russell & Wells, 1991) .
In a study of close friends, Rushton (1989b) found similarity was greater on the more heritable items across a wide range of anthropometric and social attitude measures, such as agreement with 'military drill' (40% heritable) and 'church authority' (25% heritable). In an experimental study of liking in acquaintances, Tesser (1993) manipulated people's beliefs about how similar they were to others on attitudes pre-selected as being either high or low in heritability. He found that people liked others more when their similarity had been chosen (by him) on the more heritable items. In a twin study by Rushton & Bons (2005) , the phenotype matching for both spouses and close friends was again on the more heritable items.
BEREAVEMENT STUDIES
A study of 263 child bereavements found that: (1) spouses agreed 74% of the time on which side of the family a child 'took after' the most, their own or that of their spouse, and (2) the grief intensity reported by mothers, fathers, and grandparents was greater for children who resembled their side of the family than for children resembling the other side of the family (Littlefield & Rushton, 1986) . A study of bereavement in twins found that MZ twins, compared to DZ twins: (1) work harder for their co-twin; (2) show more physical proximity to their co-twin; (3) express more affection to their co-twin; and (4) show greater loss when their co-twin dies (Segal, 2000) .
STUDIES OF FACE PREFERENCES
Several studies have found that people rate faces as more attractive when they resemble their own. Platek et al. (2002) morphed people's faces with those of toddlers and asked questions such as 'Which one of these children would you like to spend time with?' and 'Which child would you adopt?' People responded more positively toward children's faces that had been morphed with their own. During debriefing, the participants expressed surprise that any morphing had occurred. DeBruine (2002) found people trusted a stranger's face more when it had been morphed with their own than when it was left unchanged. Familiarity was ruled out by using morphs of celebrities; only self-resemblance mattered. Bereczkei, Gyuris & Weisfeld (2004) found similarity in the faces of spouses and opposite-sex adoptive parents, a result they attributed to sexual imprinting. DeBruine (2005) found that, although self-similarity of opposite-sex faces increased ratings of trustworthiness, it had no effect on ratings of attractiveness for a long-term partner and a negative effect on attractiveness for a short-term partner. When DeBruine et al. (2008) reviewed the literature, she concluded it remained unclear whether self-similarity was important in promoting mate choice, although it undoubtedly influenced trust and positive attributions. Functional magnetic resonance imaging studies are beginning to demonstrate the neural correlates associated with viewing kin and facial self-resemblance (Platek, Krill & Kemp, 2008) . The results suggest that the detection of resemblance is occurring below the level of conscious awareness (Platek & Thomson, 2007) .
ETHNIC NEPOTISM
The pull of genetic similarity does not stop at family and friends. Malat & Hamilton (2006) found that people prefer same-race health providers and perceive them as more trustworthy. Putnam (2004) found that the more ethnically diverse a community, the less likely its inhabitants are to trust others, from nextdoor neighbours to local governments.
Inclusive fitness theory has been used to explain why members of ethnic groups move into the same neighbourhoods, join together in clubs and societies, and are prone to develop ethnocentric attitudes toward those who differ in dress, dialect, and other appearance. For example, van den Berghe (1981) found that even relatively open and assimilative groups 'police' their boundaries against invasion by strangers using cultural 'badges' to mark group membership, such as scarification, linguistic accent, and clothing style. Irwin (1987) calculated coefficients of consanguinity within and between Eskimo tribes in the Hudson's Bay region of Canada and found prosocial behaviour such as wife exchange and anti-social behaviour such as the genocidal killing during warfare followed lines of genetic distance, albeit mediated by ethnic badging such as dialect and appearance. Harpending (1979 Harpending ( , 2006 analysed kinship within human populations. Via the equation r~2 F ST, he found that compared to the total world genetic variance, random members of any one population are related r~0.25. He wrote, 'Since FST among human populations on a world scale is reliably 10 to 15 percent, kinship between two individuals of the same population is equivalent to kinship between grandparents and grandchildren or between half siblings ' (2006, p. 327) . Subsequently, Salter (2006) calculated genetic relatedness between populations using Cavalli-Sforza, Menozzi & Piazza's (1994: 75) compendium of genetic distances and showed that, if the world population were wholly English, then kinship between any two random English people would be (obviously) zero. However, if the world consisted of only English people and Danes, then two random English people (or Danes) with an F ST of 0.0021 would have a kinship of 0.004 and be like 1/32 of a cousin. Two English people become the equivalent of 3/8 cousin by comparison with people from the Near East; 1/2 cousins by comparison with people from India; half-siblings by comparison with people from China; and like full-siblings compared with people from subSaharan Africa (where the F ST is 0.23). Because people have many more co-ethnics than relatives, the aggregate of genes shared with co-ethnics dwarfs those shared with extended families. Rather than being a poor relation of family nepotism, ethnic nepotism is virtually a proxy for it.
CONCLUSION
Hamilton (1996) autobiographically remarked that he 'did not anticipate the degree of relevance to humans that the findings eventually proved to have' (p. 3). In retrospect, it is not surprising that people are able to detect and prefer those who resemble themselves. Similarity, whether actual or perceived, is one of the most important factors in human relationships. It is more surprising to find just how fine-tuned the recognition process can be. The studies reviewed above show that the preference for similarity occurs within ethnic groups and within families and on the more heritable items from within sets of related traits.
